Introduction
============

Overweight and obesity have become serious public health issue in both developed and developing countries ([@B1], [@B2]). Studies have shown that overweight and obesity are independent risk factors for cardiovascular diseases, including coronary disease, myocardial infarction, ischemic heart disease, and malignant tumors ([@B3]--[@B9]). Two systematic reviews and meta-analyses, including at least 230 prospective studies, showed that overweight and obesity were associated with increased risk of all-cause mortality ([@B10], [@B11]); these findings were consistent with a study of 1.46 million White adults ([@B12]). Moreover, linear Mendelian randomization analyses have indicated that an increase of 1 unit in genetically predicted BMI gave rise to a 5%--9% increased mortality risk in overweight and obese participants ([@B13]). However, a recent 22-year cohort study found that being overweight had no effect on all-cause mortality; in particular, it was protective effect in men or people aged 30--39 years ([@B14]). A large population-based cohort study found that BMI had a J-shaped association with all-cause mortality, and the lowest risk occurred in the range 21--25 kg/m^2^ ([@B15]). A meta-analysis, including 20 prospective cohort studies, indicated that overweight and obesity were inversely associated with all-cause mortality with acute myocardial infarction history ([@B16]). Several large population meta-analyses findings, including at least 50 prospective studies, also produced the same results ([@B17], [@B18]). Therefore, the "obesity paradox" has been commonly identified in observational studies.

There is heterogeneity among overweight or obese individuals. Some have worse metabolic profiles and increased health risks; others have healthier metabolic profiles and decreased health risks. Combined BMI and metabolic profiles in individuals have been categorized into 6 groups: metabolically healthy normal weight (MH-NW), metabolically healthy overweight (MH-OW), metabolically healthy obesity (MHO), metabolically unhealthy normal weight (MUH-NW), metabolically unhealthy overweight (MUH-OW), and metabolically unhealthy obesity (MUO) ([@B19]--[@B22]). Thus, all obesity statuses are not equal.

In a previous study, we found that obesity was associated with myocardial infarction in a Chinese population, regardless of whether measurable metabolic abnormalities were present ([@B21]). This finding was consistent with those in several reports that aimed to identify a healthy obesity phenotype related to cardiovascular diseases ([@B23]--[@B25]). The studies about association of MH-OW or MHO phenotype with all-cause mortality risk were reported, but the results were inconsistent ([@B26]--[@B28]). Several studies have shown that MH-OW and MHO were not significantly associated with an increased risk of all-cause mortality (MH-NW as the control) ([@B27], [@B29], [@B30]). In contrast, another study demonstrated that MHO and MH-OW were not benign conditions ([@B28]). Moreover, the association of MHO or MH-OW with all-cause mortality has not been investigated in a Chinese population. In this study, we aimed to explore the association between MHO or MH-OW and all-cause mortality in the Kailuan study, a longitudinal study with 101,510 participants and more than 10 years of follow-up.

Results
=======

Participants with missing data (*n* = 6539) or BMIs of less than 18.5 kg/m^2^ (*n* = 1699) were excluded. Some individuals met more than 1 exclusion criterion. A total of 93,272 eligible participants were finally included in the analyses ([Figure 1](#F1){ref-type="fig"}).

Among the 93,272 eligible participants, 80,569 (86.38%) were metabolically healthy. MH-OW and MHO statuses represented 36.17% (*n* = 33,736) and 14.22% (*n* = 13,266) of the total samples, respectively. The demographic and biochemical characteristics of the participants are presented in [Table 1](#T1){ref-type="table"}. Compared with MH-NW individuals, MH-OW and MHO individuals had a history of disease and a higher proportion of older individuals, men, and drinkers. The levels of HDL cholesterol (HDL-C) and education in the MH-OW and MHO groups were significantly lower than those in the MH-NW groups. In addition, higher blood pressure, triglyceride (TG), waist circumference (WC), LDL, and salt intake levels were also found in the MH-OW and MHO groups ([Table 1](#T1){ref-type="table"}). In addition, MH-OW and MHO individuals had a higher proportion of abnormal measures in other indices of disease, including LDL cholesterol (LDL-C), fasting blood glucose (FBG), TG, and HDL-C, compared with those in MH-NW individuals (*P* \< 0.001) ([Table 1](#T1){ref-type="table"}).

After a median follow-up period of 11.04 years (interquartile range, 10.74--11.22 years), 8977 deaths occurred. The incidences of all-cause death per 1000 person-years were 9.84 in the MH-NW group, 9.31 in the MH-OW group, 9.94 in the MHO group, 13.95 in the MUH-NW group, 11.59 in the MUH-OW group, and 11.65 in the MUO group. As shown in [Figure 2](#F2){ref-type="fig"}, all-cause mortality was highest in the MUH-NW group and the lowest in the MH-OW group. In the crude Cox model, compared with participants in the MH-NW group, participants were at a 5.5% lower risk (HR, 0.945; 95% CI, 0.899--0.993) in the MH-OW group, at no risk (HR, 1.009; 95% CI, 0.945--1.076) in the MHO group, at a 42.7% higher risk (HR, 1.427; 95% CI, 1.269--1.605) in the MUH-NW group, at a 17.8% higher risk (HR, 1.178; 95% CI, 1.084--1.281) in the MUH-OW group, and at a 18.5% higher risk (HR, 1.185; 95% CI, 1.078--1.302) in the MUO group for all-cause mortality ([Figure 3](#F3){ref-type="fig"}). After adjustment for sex, age, WC, history of disease, socioeconomic status, lifestyle factors, and dyslipidemia, the HRs for all-cause mortality were 0.926 (95% CI, 0.861--0.997) in the MH-OW group, 1.009 (95% CI, 0.886--1.148) in the MHO group, 1.311 (95% CI, 1.162--1.479) in the MUH-NW group, 1.135 (95% CI, 1.023--1.260) in the MUH-OW group, and 1.252 (95% CI, 1.075--1.458) in the MUO group, compared with the MH-NW group ([Figure 3](#F3){ref-type="fig"}).

In the sensitivity analyses, we first carried out the main analysis among participants with no smoking habit at baseline, and similar results were obtained ([Figure 4](#F4){ref-type="fig"}). The adjusted HRs were 0.895 (95% CI, 0.819--0.978) in the MH-OW group, 0.969 (95% CI, 0.828--1.133) in the MHO group, and 1.310 (95% CI, 1.136--1.510) in the MUH-NW, compared with the MH-NW group ([Figure 4A](#F4){ref-type="fig"}). The sensitivity analyses also showed similar results after the exclusion of participants who died during the first 2 years of follow-up ([Figure 4B](#F4){ref-type="fig"}). Furthermore, we redefined obesity and metabolic syndrome (MetS) and obtained similar results. Compared with MH-NO individuals, MHO individuals had no significantly increased risk of all-cause mortality (HR, 0.921, 95% CI, 0.742--1.144), whereas MU-NO and MUO individuals had a significantly increased risk of all-cause mortality (MU-NO, HR, 1.207, 95% CI 1.128--1.291; MUO, HR, 1.393, 95% CI 1.146--1.692, respectively) after controlling for all confounding factors ([Figure 4C](#F4){ref-type="fig"}). In addition, the results showed that, for participants aged 50--85 years, adjusted HRs were 0.937 (95% CI, 0.866--1.014) in the MH-OW group, 0.993 (95% CI, 0.863--1.142) in the MHO group, and 1.257 (95% CI, 1.105--1.430) in the MUH-NW, compared with the MH-NW group ([Figure 4D](#F4){ref-type="fig"}).

In the stratified analyses, compared with that in the MH-NW group, MH-OW was associated with significantly decreased risk of all-cause mortality in women (HR, 0.732, 95% CI, 0.544--0.986), but there was no increased or decreased risk in men (HR, 0.938, 95% CI, 0.869--1.012). The association was significant in participants with a baseline age \<65 years (HR, 0.895, 95% CI, 0.807--0.993) but not in those with baseline age ≥65 years (HR, 0.951, 95% CI, 0.857--1.055) ([Table 2](#T2){ref-type="table"}). Similarly, MHO was not significantly associated with an increased risk of mortality in each stratum, and MUH remained the highest-risk phenotype for all-cause mortality. There were significant interactions of age (\<65 years old, ≥65 years old) and sex in relationship BMI-MetS phenotypes with all-cause mortality (*P* interaction \< 0.01 for both), but no interactions were found for smoking status, drinking status, or physical activity (*P* interaction \> 0.05 for all) ([Table 2](#T2){ref-type="table"}).

Discussion
==========

In a prospective cohort study with a median follow-up of 11 years, we found that MH-OW participants had the lowest risk of all-cause mortality (HR, 0.926, 95% CI, 0.861--0.997) and participants MHO participants did not have an increased risk of all-cause mortality (HR, 1.009, 95% CI, 0.886--1.148), while MUH-NW participants had the highest risk of all-cause mortality (HR, 1.311, 95% CI, 1.162--1.479) compared with the MH-NW participants, after adjusting for sex, age, WC, history of disease, socioeconomic status, lifestyle factors, and dyslipidemia. The sensitivity and stratification analyses further validated these findings. To our knowledge this is the first large population study to demonstrate that overweight and obesity do not predict an increased risk of all-cause mortality in a metabolically healthy Chinese population.

The association between MHO and all-cause mortality has been widely investigated, but the findings remain inconsistent. A systemic review and meta-analysis, including 11 prospective studies from Europe, North America, and Asia (published from 1950 to June 5, 2013), indicated that MHO was not significantly associated with all-cause mortality and/or cardiovascular events (relative risk \[RR\]: 1.07, 95% CI, 0.92--1.25) but was significantly associated when only studies with at least 10 years of follow-up were included (RR, 1.24, 95% CI, 1.02--1.55) ([@B31]). Another systematic review and meta-analysis (published up until September 30, 2015) demonstrated that MHO was not associated with increased all-cause mortality risk (HR, 1.07; 95% CI, 0.92--1.25) ([@B19]). Recently, most studies have not favored the association between the MHO phenotype and an increased risk of all-cause mortality. A cohort study (54,089 participants, 12.8 years of follow-up) combining 5 cohort studies (Aerobics Center Longitudinal Study \[ACLS\], Coronary Artery Risk Development in Young Adults \[CARDIA\], Multi-Ethnic Study of Atherosclerosis \[MESA\], National Health and Nutrition Examination Survey \[NHANES III\], and National Health and Nutrition Examination Survey Continuous \[NHANES Continuous\]) showed that obesity without other metabolic risk factors was not associated with an increased risk of all-cause mortality compared with lean healthy individuals (HR, 1.10, 95% CI 0.8--1.6) ([@B32]). The English Longitudinal Study of Ageing (5427 participants, 8 years of follow-up) also indicated that there was no significant association between MHO and all-cause mortality (HR, 1.14, 95% CI 0.83--1.52) ([@B33]). Another cohort study carried out in the United Kingdom (22,203 participants, follow-up 7 years) also revealed that the MHO phenotype (HR, 0.91; 95% CI, 0.64--1.29) did not increase all-cause mortality risk compared with metabolically healthy individuals without obesity ([@B27]). A prospective cohort study in Finland (2185 men, 26 years of follow-up) demonstrated that MH-OW/obese men were not at increased risk of sudden cardiac death (HR, 0.95; 95% CI, 0.40--2.24) compared with the MH-NW group ([@B34]). Consistent with these recent studies, the present study (93,272 participants, 11 years of follow-up) verified no significant association between MHO and all-cause mortality in a Chinese population, suggesting that baseline obesity without MetS does not have adverse effects to all-cause mortality.

Contrary to the approximately well-defined association between MHO and all-cause mortality, the association between MH-OW and all-cause mortality is more complex. Previously described systemic review and meta-analysis has indicated that MH-OW was not significantly associated with all-cause mortality and/or cardiovascular events, in all studies (RR, 1.10, 95% CI, 0.90--1.24) or only in studies with at least 10 years of follow-up (RR, 1.21, 95% CI, 0.91--1.61) ([@B31]). Additionally, the cohort study (54,089 participants, 12.8 years of follow-up) combining 5 cohort studies (ACLS, CARDIA, MESA, NHANES, and NHANES Continuous) showed that overweight without other metabolic risk factors was not associated with an increased risk of all-cause mortality compared with lean healthy individuals (HR, 0.95, 95% CI 0.7--1.2) ([@B32]). Most studies of the association between MH-OW and all-cause mortality demonstrated a negative relationship. The Reasons for Geographic and Racial Dereferences in Stroke (REGARDS) cohort study (22,514 participants, 6.5 years of follow-up) demonstrated that the MH-OW phenotype (HR, 0.79; 95% CI, 0.63--0.98) was associated with a decreased risk of cancer mortality ([@B35]). In contrast to these studies, we demonstrated that the MH-OW phenotype was associated with a decreased risk of all-cause mortality (HR, 0.926; 95% CI, 0.861--0.997), suggesting that the MH-OW phenotype might be an independent protective factor for all-cause mortality.

An unusual, but understandable, finding was that participants with the MUH-NW phenotype were at the highest risk for all-cause mortality among 6 metabolic phenotypes (HR, 1.311, 95% CI, 1.162--1.479) in the present study. Consistent with our findings, several studies have shown that MUH-NW individuals were at increased risk for future cardiometabolic disease, including atrial fibrillation ([@B26]), hypertension ([@B36]), kidney disease ([@B37]), and death ([@B27]) compared with the MH-NW individuals. Similarly, in a pooled analysis of 8 studies, the MUH-NW group (RR, 3.14; 95% CI, 2.36--3.93) had the highest risk for all-cause mortality compared with individuals with the other 5 metabolic phenotypes ([@B19]). Consistent with these findings, we observed that there was a highest risk of all-cause mortality in participants with the MUH-NW phenotype than in those with other phenotypes (HR, 1.311, 95% CI, 1.162--1.479). This counterintuitive and perhaps unexpected result might be explained by the fact that the MUH-NW phenotype represents the most severe subtype along the phenotypic spectrum of individuals genetically predisposed to cardiovascular events or death ([@B19]). Genetic analyses supported the notion that metabolically unhealthy phenotypes might be associated with body fat distribution patterns that favor visceral and ectopic fat accumulation over fat deposition in the periphery ([@B38], [@B39]). Furthermore, MUH-NW is most strongly characterized by a low percentage of gluteofemoral and leg fat mass ([@B40]). On the other hand, MUH-NW participants might have other undefined abnormalities ([@B19], [@B41]--[@B43]) or metabolic abnormalities, resulting in fat distribution changes ([@B44], [@B45]), which might contribute to this adverse phenotype. In addition, the finding is supported by the observation that MUH-NW groups had high percentage of history of diabetes compared with other group ([Table 1](#T1){ref-type="table"}). Consequently, substantial attention should be given to individuals with metabolically unhealthy status, despite normal weight.

MH-OW was found to be the healthiest metabolic phenotype, which is the most important finding of the present study. This large-scale prospective study, including approximately 100,000 participants who were followed-up for more than 10 years, might have resulted in the robust findings. Second, we first verified that MHO or MH-OW did not increase the risk for all-cause mortality in a Chinese population. At this point, the present study supported the concept that "all obesity is not created equally." However, considering our previous finding that obesity was associated with a higher risk of myocardial infarction, even without measurable metabolic abnormalities ([@B21]), whether participants with the MHO or MH-OW phenotype should reduce their body weight needs further consideration.

Apart from its strengths, several limitations should be addressed. First, there is no universally accepted definition for metabolic health, such as, 0 or 1 cardiometabolic abnormalities, fewer than 2 signs of metabolic components, or other criteria ([@B46]--[@B48]). Many previous studies have used the International Diabetes Federation criteria to define metabolic health as the presence of less than 2 MetS components ([@B21], [@B26], [@B49]). Therefore, we also adopted the above criteria to define metabolic health. Second, metabolic health status might change over time, specifically among individuals with obesity ([@B50], [@B51]); therefore, the baseline status did not represent actual exposure in a longitudinal study. Third, although a range of potential confounding factors was adjusted in the multivariate analysis, the bias resulting from unmeasured and residual confounding factors could not be completely avoided. Finally, the unbalanced sex ratio ([Table 1](#T1){ref-type="table"}) might restrict the generalization of the present findings. However, the consistencies among sensitivity and stratified analyses might minimize the limitation.

In brief, the present study shows that overweight and obesity do not predict increased risk of all-cause mortality in metabolic healthy Chinese individuals. Metabolic healthy overweight is the healthiest phenotype when only all-cause mortality was taken into account.

Methods
=======

*Studypopulation*. The Kailuan study is an ongoing prospective cohort study in Tangshan, China. This study was designed to investigate risk factors for chronic diseases (such as stroke, myocardial infarction, cancer, etc.). From June 2006 to October 2007, a total of 101,510 adults (81,110 men and 20,400 women) aged 18--98 years were enrolled to participate in a routine medical examinations, which included physical examination, routine blood, urine, and biochemical tests every 2 years at 11 hospitals affiliated with the Kailuan community ([@B52]--[@B54]). In this analysis, we included participants from the Kailuan study, excluding participants with missing data for biochemical parameters, sociodemographic characteristics, history of disease or current use of medication (hypertension, diabetes, stroke, and myocardial infarction) and if their BMI was less than 18.5 kg/m^2^ at baseline.

Exposure factors.
-----------------

BMI was calculated as weight in kilograms divided by height in meters squared, and participants were categorized into normal (18.50 kg/m^2^ ≤ BMI \< 24.00 kg/m^2^), overweight (24.00 kg/m^2^ ≤ BMI \< 28.00 kg/m^2^), or obese (BMI ≥ 28.00 kg/m^2^) groups according to Chinese-specific criteria ([@B55]). Based on the modified International Diabetes Federation criteria for the Asian population, MetS was defined as the presence of 3 or more abnormal components (WC ≥80 cm in women and ≥90 cm in men; TG ≥1.70 mmol/L or current use of lipid-lowering agents; diastolic blood pressure ≥85 mmHg, systolic blood pressure ≥130 mmHg, or self-reported history of hypertension or current use of blood pressure medication; FGB level ≥5.60 mmol/L, current use of glucose-lowering agents or self-reported history of diabetes; and HDL-C \<1.03 mmol/L for men and \<1.30 mmol/L for women or current use of lipid-lowering agents) ([@B56]). Metabolically healthy (MH) was defined as the presence of 2 or less abnormal components, while metabolically unhealthy (MUH) was defined as the presence of 3 or more abnormal components. Combined with BMI category (normal weight, overweight, and obesity), metabolic healthy participants were divided into 3 phenotypes, MH-NW, MH-OW, and MHO, and metabolic unhealthy participants were divided as well, MUH-NW, MUH-OW, and MUO ([@B21], [@B46]).

Covariables.
------------

Face-to-face questionnaire interviews and clinical examinations were conducted by well-trained medical staff following a standard protocol to collect information on sociodemographic characteristics, lifestyle factors, and medical history ([@B57]). Smoking and drinking status were divided into 3 categories: never, former, and current ([@B21], [@B52]). Physical activity was evaluated with regard to the frequency of physical activity, including inactive; moderately active, 1--2 times/week; and vigorously active, ≥3 times/week and ≥30 minutes ([@B53]). In addition, levels of FBG, TG, and HDL-C were measured using an autoanalyzer (Hitachi 747) at the central laboratory of Kailuan General Hospital ([@B58]).

Follow-up and outcome.
----------------------

All participants were followed by face-to-face interviews at every 2-year routine medical examination until December 31, 2017, or until death. The follow-ups were performed by hospital physicians, research physicians, and research nurses, who were blinded to the baseline data. For the participants without face-to-face follow-up, the follow-up information was collected by referring to death certificates from provincial vital statistics offices, discharge summaries from the 11 hospitals, or medical records from medical insurance ([@B59]).

We used all-cause death as the primary outcome. Considering unnatural death, we excluded the accidental deaths, which were transport-related accidents, violence, falling, natural hazard, medical malpractice, and food poisoning. Deaths were assessed using family report, death certificates from provincial vital statistics offices, and medical records from medical insurance or hospitals ([@B52]).

Statistics.
-----------

The baseline characteristics of participants are presented as mean ± standard deviation or median with interquartile range for continuous variables and percentage for categorical variables. χ^2^ tests were used for the comparisons of categorical variables. The analysis of variance or Kruskal-Wallis tests were used for continuous variables. Person-years were calculated from the date of baseline examination to the date of death or the end of follow-up (December 31, 2017), whichever came first. The cumulative mortality among 6 phenotype groups was estimated using the Kaplan-Meier method and compared by log-rank tests. The Sidak method was used to adjust *P* values in the multiple comparisons ([@B21]).

Cox proportional hazards regression was used to estimate HRs and 95% CIs for the association between the 6 BMI-MetS groups and all-cause mortality risk. The proportional hazards assumption was tested by the Schoenfeld residuals ([@B21]), and no violation was found. We fitted 3 Cox proportional hazard models. Model 1 was a crude model without adjusted covariates. Model 2 was adjusted for age and sex. Model 3 was further adjusted for smoking status, drinking status, educational level, family per-member monthly income, physical activity, salt intake, dyslipidemia, and history of disease.

To test the robustness of the main results, we conducted 4 sensitivity analyses in model 1 and model 3. We excluded participants who were current smokers at baseline or died during the first 2 years of follow-up. In addition, we defined obesity using WC instead of BMI and defined MetS as having 2 or more of 4 metabolic components (excluding WC criteria). Participants were classified into the following 4 groups: no obesity (WC \<80 cm in women and \<90 cm in men) without MetS (MH-NO) or with MetS (MU-NO), MHO (obesity defined as WC ≥80 cm in women and ≥90 cm in men), and MUO. We retained participants who were 50--85 years for avoiding differences in mortality for this reason of age. Likelihood ratio test was conducted to examine statistical interactions among BMI-MetS groups, sex, age (\<65 years, ≥65 years), smoking status, drinking status, and physical activity in association with all-cause mortality by comparing --2 log likelihood χ^2^ between nested models, with or without the multiplication interaction terms.

All statistical analyses were conducted using SAS, version 9.4(SAS Institute Inc). Two-sided *P* \< 0.05 was considered statistically significant.

Study approval.
---------------

This study was approved by the ethics committees of Kailuan General Hospital and Beijing Tiantan Hospital, Capital Medical University. Written informed consent form was obtained from all participants.
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![The flow diagram of study participants.](jciinsight-5-136982-g199){#F1}

![The cumulative incidence of death according to the BMI-MetS phenotypes.\
MetS, metabolic syndrome; MH-NW, metabolically healthy normal weight; MUH-NW, metabolically unhealthy normal weight; MH-OW, metabolically healthy overweight; MUH-OW, metabolically unhealthy overweight; MHO, metabolically healthy obesity; MUO, metabolically healthy obesity.](jciinsight-5-136982-g200){#F2}

![Association of BMI-MetS phenotypes with all-cause mortality risk.\
Multivariate cox regression analysis was used to evaluate the association of all-cause mortality risk with BMI-MetS phenotypes, adjusting for potential confounding factors (*n* = 93,272). HR calculated by univariate cox regression (left), HR calculated by cox regression adjusting for age and sex (middle), and HR calculated by cox regression further adjusted for smoking, drinking, education, BMI index, income, exercise, salt intake, and history of disease (hyperlipidemia, hypertension, diabetes, myocardial infarction, and stroke) (right) are shown. \*Per 1,000 person-years. MH-NW, metabolically healthy normal weight; MUH-NW, metabolically unhealthy normal weight; MH-OW, metabolically healthy overweight; MUH-OW, metabolically unhealthy overweight; MHO, metabolically healthy obesity; MUO, metabolically healthy obesity; MetS, metabolic syndrome.](jciinsight-5-136982-g201){#F3}

![The sensitivity analyses of the association of all-cause mortality risk with BMI-MetS phenotypes.\
The association of all-cause mortality risk with BMI-MetS phenotypes excluding current smokers (**A**), excluding dead participants during the first 2 years (**B**), using WC instead of BMI and modifying the definition of MetS (≥2 among the 4 components excluding the WC criteria) (**C**), retaining participants aged 50--85 years (**D**). *n* = 61,002 (**A**); *n* = 93,272 (**B**); *n* = 93,272 (**C**); *n* = 52,776 (**D**). Multivariate cox regression analysis was used to evaluate the association of all-cause mortality risk with BMI-MetS phenotypes, adjusting for potential confounding factors. The asterisk indicates HR calculated by cox regression adjusting for age and sex, and the pound sign indicates HR calculated by cox regression further adjusting for smoking, drinking, education, BMI index, income, exercise, salt intake, dyslipidemia, and history of disease (hypertension, hyperlipidemia, diabetes, myocardial infarction, and stroke). MH-NW, metabolically healthy normal weight; MUH-NW, metabolically unhealthy normal weight; MH-OW, metabolically healthy overweight; MUH-OW, metabolically unhealthy overweight; MHO, metabolically healthy obesity; MUO, metabolically healthy obesity; MH-NO, metabolically healthy normal waist circumference; MU-NO, metabolically unhealthy normal waist circumference; MetS, metabolic syndrome; WC, waist circumference.](jciinsight-5-136982-g202){#F4}

###### The association between BMI-MetS phenotypes and all-cause mortality in the whole group and stratified subgroups
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###### Baseline characteristics of participants according to BMI-MetS phenotypes
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